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(54) Method and apparatus for aberration correction 



(57) An aberration correction device for correcting 
aberratii^n produced in a light beam, which includes: a 
first electrode layer and a second electrode layer being 
opposed to each other; and a liquid crystal disposed be- 
tween the first electrode layer and the second electrode 
layer for producing a change in phase in a light beam 
passing therethrough in accordance with voltages ap- 



plied to the first electrode layer and the second electrode 
layer. The first electrode layer is divided into a plurality 
of phase adjustment portions which are electrically iso- 
lated each other. Each of the plurality of phase adjust- 
ment portions includes a pair of electrodes arranged in 
such a form that produces an electric field distribution 
for correcting the aberration by applying predetermined 
voltages thereto. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an aberration 
correction apparatus and method for correcting aberra- 
tion produced in a light beam of an optical system. 

2. Description of the Related Art 

[0002] Optical discs such as CD (Compact Disc) and 
DVD (Digital Video Disc or Digital Versatile Disc) are 
known as information recording media on which infor- 
mation is optically recorded or reproduced. In addition, 
various types of optical discs are now under develop- 
ment, such as an optical disc dedicated to reproduction, 
a write-once optical disc on which information can be 
additionally recorded, and a rewritable optical disc on 
which information can be erased and recorded again. 
[0003] Also, research and development has ad- 
vanced for optical pickup devices and information re- 
cording/reproducing apparatus which can be adapted to 
higher density discs, with the trend of increasing the 
density of optical discs. In addition, research and devel- 
opment has also advanced for so-called compatible op- 
tical pickup devices and information recording/repro- 
ducing apparatus which can utilize different types of op- 
tical discs. 

[0004] It is contemplated that the numerical aperture 
(NA) of an objective lens provided in an optical pickup 
device is increased to irradiate an optical disc with a light 
beam having a smaller irradiation diameter in order to 
support the higher density optical discs. Also, a light 
beam having a shorter wavelength is used to address 
the higher density discs. 

[0005] However, an increase in the numerical aper- 
ture NA of an objective lens or employment of a light 
beam having a shorter wavelength results in a larger in- 
fluence of aberration on the light beam by the optical 
disc, thereby making it difficult to improve the accuracy 
of information recording and information reproduction. 
[0006] For example, the amount of birefringence, 
which depends on the incident angle, will have a larger 
distribution width on the pupil plane of the optical disc 
since a larger numerical aperture NA of an objective lens 
results in a wider incident angle range of a light beam 
for an optical disc. This causes a problem of increased 
aberration influence resulting from the birefringence. Al- 
so, aberration due to an error or variance in the thick- 
ness of a cover layer for protecting a recording surface 
of the disc exerts a larger influence. 
[0007] To reduce the influence of the aberration as 
mentioned, a pickup device provided with a liquid crystal 
device for correcting the aberration has been previously 
proposed. Such an aberration correction device is dis- 
closed, for example, in Japanese Patent Application 



Kokai No. H10-269611. The aberration correction de- 
vice has a plurality of concentrically formed phase ad- 
justment portions , and applies each electrode with a 
predetermined voltage to adjust an orientation state of 

5 the liquid crystal to correct aberration produced in a light 
beam. However, the aberration correction device con- 
figured as described has a problem that it can correct 
only wavefront aberration which has a particular distri- 
bution shape. Also, for correcting large aberration which 

10 may exceed the wavelength of a light source, a thicker 
liquid crystal must be provided to apply a larger voltage. 
Further, a large number of phase adjustment portions 
must be provided for accommodating the wavefront ak>- 
erration of various magnitudes. An increase in the 

15 number of electrodes would result in requirements for a 
very large number of electrodes and compticated wiring. 
Consequently, this would constitute a hindrance in the 
trend of pursuing higher performance of the aberration 
correction device, including a reduction in size and thick- 

20 ness and a higher speed. Also, the thicker liquid crystal 
causes a problem of degrading the frequency response 
of the aberration correction device. 
[0008] Another aberration correction method uses a 
hologram element which deflects light transmitting 

25 therethrough to produce a phase difference in the light. 
However, the hologram element cannot be turned on/off 
as required. In addition, similar to the foregoing, the 
hologram element has a problem in that it can correct 
only wavefront aberration that has a particular distribu- 

30 tion shape. The hologram element is further disadvan- 
tageous in that it is difficult and expensive to manufac- 
ture. 

OBJECT AND SUMMARY OF THE INVENTION 

35 

[0009] The present invention has been made in view 
of the problems mentioned above, and the object of the 
present invention is to provide a compact and high per- 
formance aberration correction unit which is capable of 

40 correcting aberration over an entire range of an optical 
path diameter, with the ability of correcting large aber- 
ration as well. It is also an object of the present invention 
to provide an optical pickup device and an aberration 
correction apparatus which have the aberration conec- 

45 tion unit. 

[0010] It is another object of the present invention to 
provide a compact and high-performance aberration 
correction apparatus and a method which are capable 
of correcting aberration having a variety of shapes and 

50 capable of correcting large aberration as well. 

[001 1] To achieve the object, according to one aspect 
of the present invention, there is provided an aberration 
correction unit disposed in an optical path of an optical 
system for irradiating a recording medium with a light 

55 beam for correcting aberration produced in the light 
beam, the aberration correction unit comprises: a first 
electrode and a second electrode being opposed to 
each other; and a liquid crystal disposed between the 
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first electrode and the second electrode for applying a 
voltage to produce a change in phase to light passing 
therethrough, wherein the first electrode and the second 
electrode are formed in a shape such that the liquid crys- 
tal produces an effect of holographic diffraction grating 
by applying voltages to the first electrode and the sec- 
ond electrode. 

[0012] According to another aspect of the present in- 
vention, there is provided an optical pickup device hav- 
ing the aberration correction unit, which comprises: a 
light source for emitting the light beam; an optical sys- 
tem for guiding the light beam; and an optical detector 
for detecting a light beam which has been reflected by 
the recording medium and transmitted the aberration 
correction unit. 

[0013] According to another aspect of the present in- 
vention, there is provided an aberration correction ap- 
paratus having the optical pickup device, which com- 
prises: voltage applying means for applying voltages to 
the first electrode and the second electrode of the aber- 
ration correction unit such that the liquid crystal produc- 
es an effect of holographic diffraction grating. 
[0014] According to another aspect of the present in- 
vention, there is provided an aberration correction de- 
vice for correcting aberration produced in a light beam 
of an optical system for guiding the light beam, which 
comprises: a first electrode layer and a second elec- 
trode layer being opposed to each other; and a liquid 
crystal disposed between the first electrode layer and 
the second electrode layer for producing a change in 
phase in a light beam passing therethrough in accord- 
ance with voltages applied to the first electrode layer 
and the second electrode layer, wherein the first elec- 
trode layer is divided into a plurality of phase adjustment 
portions which are electrically isolated each other, each 
of the plurality of phase adjustment portions including a 
pair of electrodes arranged in such a form that produces 
an electric field distribution for correcting the aberration 
by applying predetermined voltages thereto. 
[0015] According to another aspect of the present in- 
vention, there is provided an aberration correction ap- 
paratus having the aberration correction device, which 
comprises: a determination section for determining 
each aberration amount of the light beam in a region 
corresponding to each of the plurality of phase adjust- 
ment portions; a voltage applying section for applying 
each of the plurality of phase adjustment portions with 
voltages corresponding to each of the determined aber- 
ration amounts; a selecting section for selecting a phase 
adjustment region including one or more consecutive 
phase adjustment portions based on each of the deter- 
mined aberration amounts; and a controller for conduct- 
ing a control for changing a phase-adjustment amount 
in the phase adjustment region to a phase amount cor- 
responding to an integer multiple of the wavelength of 
the light beam. 

[0016] According to another aspect of the present in- 
vention, there is provided an aberration correction ap- 



paratus for correcting aberration produced in a light 
beam of an optical system for guiding the light beam, 
which comprises: an aberration correction device hav- 
ing a plurality of phase adjustment portions for produc- 
5 ing a phase change in the light beam by an voltage ap- 
plied thereto; a phase adjustment section for applying 
voltage to each of the plurality of phase adjustment por- 
tions to adjust the phase; a determination section for de- 
termining whether a phase-adjustment amount of each 
10 the phase adjustment portion exceeds a predetermined 
limit adjustment amount; and a controller for changing 
the phase-adjustment amount of each the phase adjust- 
ment portion to a value resulting from a subtraction of a 
phase amount corresponding to an integer multiple of 
15 the wavelength of the light beam from the phase-adjust- 
ment amount on the basis of the result of determination 
made by the determination section. 
[0017] According to another aspect of the present in- 
vention, there is provided a method of correcting aber- 
ration for an aberration correction device having a plu- 
rality of phase adjustment portions for producing a 
phase change in a light passing through the aberration 
correction device to adjust the phase, which comprises 
the steps of: applying a voltage to each of the plurality 
of phase adjustment portions to adjust the phase; de- 
termining whether a phase-adjustment amount of the 
phase adjustment portion exceeds a limit adjustment 
amount; and changing the phase-adjustment amount of 
each the phase adjustment portion to a value resulting 
from a subtraction of a phase amount corresponding to 
an integer multiple of the wavelength of the light beam 
from the phase-adjustment amount on the basis of the 
result of the determination in the determining step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a perspective view schematically illustrat- 
ing the configuration of an aberration correction unit 
according to a first embodiment of the present in- 
vention; 

Fig. 2 is a top plan view schematically illustrating 
electrodes formed in one electrode layer, and the 
shapes of regions divided by the electrodes in the 
aberration correction unit illustrated in Fig. 1 ; 
Fig. 3 is a cross-sectional view in a radial direction 
of the aberration correction unit illustrated in Fig. 1; 
Fig. 4 is a partially enlarged view of a portion A in 
the one electrode layer of the aberration correction 
unit illustrated in Fig. 2; 

Fig. 5 is a diagram three-dimensionally and sche- 
mafically illustrating a distribution of an electric field 
produced within a liquid crystal when voltages are 
applied to lead electrodes (EL1), (EL2) of the one 
electrode layer and an entire surface electrode of 
the other electrode layer; 

Fig. 6 is a diagram illustrating the configuration of 
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an optical pickup device and an aberration correc- 
tion apparatus which have the aberration correction 
unit according to the present invention; 
Fig. 7 is a graph showing the phase difference char- 
acteristic of a liquid crystal of the aberration correc- s 
tion unit with respect to an applied voltage; 
Fig. 8 is a diagram schematically illustrating electric 
field blades Bi produced in the liquid crystal of the 
aberration correction unit, and a phase difference 
A<J) produced in transmitted light by each blade; io 
Fig. 9 is a diagram illustrating a correction for a 
phase difference ^ provided to transmitted light 
within an entire effective optical path diameter by 
the phase difference A<> produced in transmitted 
light by each electric-field blade; is 
Fig. 10 is a diagram schematically illustrating elec- 
tric field blades Bi produced in the liquid crystal of 
the aberration correction unit, and a phase differ- 
ence A<|> produced in transmitted light by each 
blade; 20 
Fig. 11 is a cross-sectional view of an aben-ation 
correction unit according to a second embodiment 
of the present invention in a radial direction; 
Fig. 12 is a diagram schemafically illustrating an 
electric field produced in a liquid crystal of the ab- 25 
erration correction unit according to the second em- 
bodiment of the present invention, and a phase dif- 
ference produced in transmitted light; 
Fig. 13 is a cross-sectional view illustrating the 
shapes of electrodes in an aberration correction unit 30 
according to a third embodiment of the present in- 
vention; 

Fig. 14 is a diagram illustrating an electric field in- 
tensity of a blade-shaped electric field and a phase 
difference of an aberration correction unit according 35 
to the third embodiment of the present invention; 
Fig. 1 5 is a block diagram illustrating the configura- 
tion of an aberration correction apparatus according 
to a fourth embodiment of the present invention; 
Fig. 1 6 is a perspective view schematically illustrat- 40 
ing the configuration of an aberration correction de- 
vice; 

Fig. 17 is a plan view schematically illustrating the 
structure of a first electrode layer of the aberration 
correction device for correcting spherical aberra- 45 
ti'on; 

Fig. 18 is a partially enlarged view schematically il- 
lustrating a portion (a portion A) of a first electrode 
layer of the aberration correction device illustrated 
in Fig. 17; so 
Fig. 19 is a diagram for explaining a method of di- 
viding the first electrode layer into a plurality of 
phase adjustment portions, showing a phase differ- 
ence (X) from the center of the aberration correction 
device with respect to a radial position; ss 
Fig. 20 are diagrams for explaining a method of driv- 
ing the aberration correction device having phase 
adjustment portions R1 - R6. showing that a maxi- 



mum phase difference (PDmax) of a wavefront re- 
quired for a correction is equal to X, 2X, 3X, 4X, re- 
spectively; 

Figs. 21 A, 21 B are plan views schematically illus- 
trating the structure of first and second electrode 
layers, respectively, in an aberration correction de- 
vice according to a fifth embodiment of the present 

invention; 

Fig. 22 is a partially enlarged view schematically il- 
lustrating a portion (a portion B) of the first electrode 
layer of the aberration correction device in the fifUi 
emt>odiment of the present invention; 
Fig. 23 is a diagram for explaining a mettiod of driv- 
ing the aberration correction device in the second 
embodiment of the present invention, showing that 
a maximum correction phase difference (PDmax) is 
equal to X; 

Figs. 24A. 24B are diagrams for explaining a meth- 
od of driving the aberration correction device in the 
fifth embodiment of the present invention, showing 
that the maximum correction phase difference (PD- 
max) is equal to 2X, 10X, respectively; 
Fig. 25 is a graph showing the effect of aberration 
correction according to an embodiment of the 
present invention, showing a phase difference with 
respect to a change in tiiickness of a transparent 
cover layer; 

Fig. 26 is a block diagram illustrating the configura- 
tion of an aberration correction apparatus according 
to a sixth embodiment of the present invention; 
Fig. 27 is a perspective view schematically illustrat- 
ing the configuration of an aberration correction de- 
vice; 

Fig. 28 is a plan view schematically illustrating the 
structure of a first electrode layer of the aberration 
correction device for correcting spherical aberra- 
tion; 

Fig. 29 is a partially enlarged view schematically il- 
lustrating a portion (a portion A) of the first electrode 
layer of the aberration correction device illustrated 
in Fig. 28; 

Fig. 30 is a flow chart illustirating a procedure of an 
aberration correction operation performed by the 
aberration correction device illustrated in Fig. 28; 
Fig. 31 is a diagram showing a phase difference pro- 
vided to a light beam by each phase adjustment por- 
tion with respect to a radial direction of the aberra- 
tion correction device; 

Fig. 32 is a diagram showing an aberration correc- 
tion operation when a phase-adjustment amount is 
increased for correcting large aberration; 
Fig. 33 is a diagram showing an aberration correc- 
tion operation when the phase-adjustment amount 
is increased further than the case shown in Fig. 32; 
Fig. 34 is a diagram schematically illustrating the 
structure of a first electrode layer of an aberration 
correction device according to a seventh embodi- 
ment of the present invention; 
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Fig. 35 is a partially enlarged view schematically il- 
lustrating a portion (a portion B) of the first electrode 
layer of the aberration correction device illustrated 
in Fig. 34; 

Fig. 36 is a flow chart illustrating a procedure of an 
aberration correction operation performed by the 
aberration correction device illustrated in Fig. 34; 
Fig. 37 is a diagram showing a phase difference pro- 
vided to a light beam by each phase adjustment por- 
tion with respect to a radial direction of the aberra- 
tion correction device; 

Fig. 38 is a diagram showing an aberration correc- 
tion operation when the phase-adjustment amount 
is increased for correcting large aberration; and 
Fig. 39 is a diagram illustrating an aberration cor- 
rection when a phase difference is negative. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0019] Embodiments of the present invention will be 
described in detail with reference to the drawings. In the 
drawings used in the following description, substantially 
equivalent components are designated the same refer- 
ence numerals. 

First Embodiment 

[0020] Fig. 1 is a perspective view schematically illus- 
trating the configuration of an aberration correction unit 
or device 10 according to a first embodiment of the 
present invention. The aberration correction unit 10 is 
incorporated, for example, in an optical pickup of an op- 
tical recording and/or reproducing apparatus (hereinaf- 
ter, simply referred to as an optical recording/reproduc- 
ing apparatus) which uses an optical disc or the like as 
a recording medium, and is used for correcting aberra- 
tion produced in a light beam. 

[0021] The aberration correction optical unit (herein- 
after simply referred to as the "aberration correction 
unit") 10 has a liquid crystal optical device (hereinafter 
simply referred to as the "liquid crystal") which produces 
a change in birefringence to light passing therethrough 
by an electric field produced in accordance with the 
magnitude of a driving voltage (V) applied thereto. More 
specifically, the aberration correction unit 10 has liquid 
crystal orienting films 11, 12, insulating layers 13, 14, 
electrode layers 15, 16, and two insulating layers 17, 18 
made of transparent glass substrates or the like, formed 
on both sides of the liquid crystal 19. 
[0022] As the driving voltage V is applied between the 
electrode layers 15, 16, the orientation of liquid crystal 
molecules in the liquid crystal 19 changes in response 
to an electric field E generated by the driving voltage V. 
As a result, light passing through the liquid crystal 19 
receives the birefringence of the liquid crystal 19 to 
present a change in phase. In other words, the phase 
of the light passing through the liquid crystal can be con- 
trolled by the driving voltage V applied to the liquid crys- 



tal 19. It is therefore possible to correct aberration by 
forming the electrode layers 15. 16 in a shape suited to 
a distribution of the aberration and applying the elec- 
trode layers 1 5, 16 witii a voltage in accordance with the 

5 magnitude of the aberration. Also, the aberration cor- 
rection unit 10 has bi-directional optical transmittance, 
so that either of the insulating layers 17> 18 can be ori- 
ented to a recording medium such as an optical disc. 
[0023] In the following, the structure of electrodes in 

10 the aberration correction unit 1 0 will be described in de- 
tail with reference to the drawings . Fig. 2 is a top plan 
view schematically illustrating electrodes formed in one 
electrode layer 15 of the aberration correction unit 10. 
and the shapes of regions divided by the electrodes. Fig. 

15 3 is a cross-sectional view of the aberration correction 
unit 10 taken in a radial direction. The electrode layer 

15 is formed with n ( n is a natural number) sets of con- 
centric electrodes Pi and Qi (i=1 , 2, n) made of metal, 
and regions Ri bordered by the electrodes Pi and Qi. 

20 More specifically, referring further to a partially enlarged 
view of a portion A illustrated in Fig. 4. the region Ri is 
comprised of the electrodes Pi and Qi, and a transparent 
conductive film Ui (i=1 , 2, .... n) made of ITO (indium tin 
oxide) formed between the electrodes Pi and Qi. The 

25 respective regions Ri are separated by gaps Wi. The 
ITO film Ui is electrically connected to the electrodes Pi 
and Qi. and the gap Wi has a width sufficiently smaller 
than the width of the region Ri, for example, on the order 
of several micrometers (\im), 

30 [0024] Further, as illustrated in Figs. 2 and 4, within a 
slit 30 formed along a radial direction, lead or wiring 
electrodes 31 (ELI) and 32 (EL2) electrically isolated 
from each other are formed, and the electrodes Pi (i=1 . 
2. .... n) is electrically connected to the lead electrode 

35 31 (ELI ): and the electrodes Qi (1=1 , 2 n) to the lead 

electrode 32 (EL2), respectively. The slit 30 is formed, 
for example, to have a width of several ^m so as not to 
adversely affect the aberration correction and to be suf- 
ficientiy small as compared with an effective optical path 

40 area of the aberration correction unit 10. 

[0025] As illustrated in Fig. 3, another electrode layer 

16 has a structure in which an entire surface electrode 
made of a transparent conductive material (ITO) is 
formed thereon. 

45 [0026] According to the present invention, the liquid 
crystal 19 operates as a holographic diffraction grating 
by applying voltages to the electrode layer 15 and the 
electrode layer 16. Fig. 5 is a diagram which three-dt- 
mensionally and schematically illustrates a distribution 

50 of an electric field produced in the liquid crystal 1 9 when 
voltages are applied to the lead electrodes 31 (EL1 ). 32 
(EL2) of the electrode layer 15 and the entire surface 
electrode of the electrode layer 16. Hatched portions in- 
dicate electric field intensities on the cross section, 

55 which pass the center of the field distribution, with re- 
spect to the normalized effective optical path radius. 
[0027] As illustrated, the electrodes are formed such 
that an electric field in the shape of concentric blades. 
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i.e., an electric field having a field distribution cross sec- 
tion in a sawtooth) shape is produced in the liquid crystal 
19 when voltages are applied. A phase difference pro- 
duced in transmitting light is determined by the differ- 
ence between a peak and a valley of the sawtooth- 
shaped electric field (in the following description, re- 
spective concentric peaks are referred to the "field 
blades" or simply "blades" for convenience of descrip- 
tion). Therefore, the aberration correction unit 10 has an 
effect equivalent to a holographic diffraction grating for 
transmitting light by means of the blade-shaped electric 
field produced by the applied voltages. 
[0028] While the field distribution is determined by the 
shapes of the electrodes and voltages applied thereto, 
the field distribution can be readily calculated by solving 
an electromagnetic field equation by a well known meth- 
od, for example, using a computer. In the following, the 
operation of the aberration correction unit 10 will be de- 
scribed in detail. 

[0029] Fig. 6 is a diagram illustrating the configuration 
of an optical pickup having the aberration correction unit 
10. and an aberration correction apparatus 40. The op- 
tical pickup PU comprises a light source 41 for emitting 
laser light H1 ; a beam splitter 43; the aberration correc- 
tion unit 10; an objective lens 45; a focusing lens 46 ; 
and an optical detector 47. These optical components 
41-47 are positioned along an optical axis OA. 
[0030] The laser light source 41 in the optical pickup 
emits laser light at wavelength X of. for example, 405 
nanometer (nm). The light beam HI emitted from the 
laser light source 41 is reflected off an optical disc 49, 
and the reflected light is detected by the optical detector 
47. The detected RF signal is sent to an RF amplitude 
magnitude detector 51 (hereinafter simply referred to 
the "RF amplitude detector"). The RF amplitude detec- 
tor 51 detects an envelope of the received RF signal 
which is sent to a controller 52 as an RF amplitude sig- 
nal. The controller 52 supplies a control signal to a liquid 
crystal driver 54 for driving the aberration correction unit 
10 based on the received RF amplitude signal or in ac- 
cordance with a predetermined processing procedure. 
The liquid crystal driver 54 generates a driving voltage 
to be applied to the aberration correction unit 1 0 in re- 
sponse to the control signal, and supplies the driving 
voltage to the aberration correction unit 10. 
[0031] Fig. 7 is a graph showing the phase difference 
characteristic of the aberration correction unit 10 with 
respect to applied voltages. When the lead electrode 31 
(ELI) of the electrode layer 15 is applied with a voltage 
V1 (=1.7 V); the lead electrode 32 (EL2) with a voltage 
V2 (=3.0 V); and the entire surface electrode of the elec- 
trode layer 16 with 0 V (or grounded) in an operation 
mode 1 . a phase difference produced by each blade 
in the liquid crystal 19 is 405 nm (=X) which is equal to 
the wavelength of the laser light. Therefore, in the aber- 
ration correction unit 1 0 having five regions Ri (i= 1 , 2 

5). five field blades Bi (i=1. 2, .... 5) are produced as il- 
lustrated in Fig. 8. A phase difference produced in trans- 



mitting light by each blade accumulatively increases 
from the center of the optical path to the outer periphery, 
as illustrated in Fig. 9. wherein a phase difference ^^ 
given to the transmitting light is 5X (=5xA4»1) in the full 
5 effective light path. It is therefore possible to correct 
spherical abenration of 5X by the aberration correction 
unit 10. 

[0032] Contrary to the foregoing, spherical aberration 
produced by reflection on the optical disc may increase 

10 from the center of the optical path to the outer periphery 
depending on the thickness of a transparent layer such 
as a cover layer from the surface of the optical disc to 
the recording layer, which is transmitted by irradiated 
light or reflected light. In this case, a phase difference 

15 reverse to the foregoing case, i.e., a negative phase dif- 
ference is produced on the outer periphery with respect 
to the center of the optical path. As illustrated in Fig. 7, 
when the lead electrode 31 (ELI) of the electrode layer 
15 is applied with a voltage V3 (=5.0 V); the lead elec- 

20 trode 32 (EL2) with a voltage V4 (=2.6 V); and the entire 
surface electrode of the electrode layer 16 with 0 V (or 
grounded) in an operation mode 2, a phase difference 
A(t>2 produced by each blade in the liquid crystal 19 is 
-405 nm (=-X). Therefore, as illustrated in Fig. 10, a neg- 

25 ative phase difference is accumulatively given to the 
phase difference produced in the transmitting light to- 
ward the outer periphery, and the phase difference A<]>2 
given to the transmitting light is <i»2=-5X (=5xA<J>2) in the 
entire effective optical path diameter It is therefore pos- 

30 sible to correct spherical aberration having a magnitude 
of 5X which decreases from the center of the optical path 
to the outer periphery. 

[0033] it should be noted that all the electrodes Pi 
(i=1. 2 n) need not be electrically connected to the 

35 lead electrode 31 (ELI) nor all the electrodes Qi (i=1, 

2 n) to the lead electrode 32 (EL2). For example, the 

electrodes Pi and Qi may be divided into several sets, 
each of which is provided with a lead electrode so that 
the phase can be controlled for each set. In other words, 

^0 in the blade in each region Ri, the respective electrodes 
may be connected to produce phase differences which 
are integer multiples of the wavelength. 

Second Embodiment 

45 

[0034] Fig. 11 is a cross-sectional view of an aberra- 
tion correction unit according to a second embodiment 
of the present invention. In the foregoing first embodi- 
ment, the ITO films are formed between the electrodes 

50 Pi and Qi so tiiat the respective regions Ri are electri- 
cally isolated from each other. In the second embodi- 
ment, an ITO film 63 is formed over the entire surface 
of a liquid crystal orienting film 11 , and circular or annu- 
larring shaped electi-odes Pi and Qi are concentrically 

55 formed on the ITO film 63 as is the case with the fore- 
going first embodiment. 

[0035] In this event, as illustrated in Fig. 12. the re- 
spective regions Ri are also connected by the ITO film. 
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so that a gradient electric field ts produced as well in 
portions between the respective regions Ri of the blade- 
shaped electric field produced in the liquid crystal 1 9. In 
the second embodiment, similar to the first embodiment, 
spherical aberration can be corrected by applying volt- 5 
ages to the respective electrodes such that the phase 
difference A<|> produced by each blade in the liquid crys- 
tal 1 9 is an integer multiple of the wavelength of the light 
source. 

10 

Third Embodiment 

[0036] Other than the embodiments described above, 
a variety of electrode shapes can be applied such that 
the liquid crystal produces the effect of the holographic ^5 
diffraction grating. 

[0037] For example, as illustrated in Fig. 1 3, the elec- 
trode layer 1 6 may have a structure similar to that of the 
electrode layer 15. wherein the electrode layer 16 is 

formed with n sets of electrodes Ri and Si (i=1 . 2 n) 20 

concentrically formed in correspondence to the elec- 
trode layer 15 and associated lead electrodes. In this 
case, a voltage to each lead electrode may be individu- 
ally adjusted. Alternatively, all the electrodes Ri and Si 
need not be electrically isolated. For example, all the 25 
electrodes Ri and Si may be connected to a fixed voltage 
(for example, a ground voltage). 

[0038] Fig. 1 4 illustrates an electric field intensity of a 
blade-shaped electric field, and a phase difference in 
the embodiment. In the embodiment, phase differences 30 
A(|)(i) (i=1 -4) produced by respective field blade (B1 - B4) 
in the liquid crystal 19 are different from one another, 
[0039] More specifically, a liquid crystal which can 
produce a larger phase difference than the liquid crystal 
having the phase difference characteristic Illustrated in 35 
Fig. 7. for example, a liquid crystal which exhibits a larg- 
er change in phase to a voltage or a liquid crystal having 
a larger thickness are used, and the shapes of elec- 
trodes and voltages applied thereto are determined 
such that a phase difference equal to one wavelength 40 
(i.e., A^(^)=A^{2)=X) is produced by a field blade in a 
central region of an optical path, and a phase difference 
equal to two wavelengths (i.e.. A<|>(3)=A<|»(4)=2X) Is pro- 
duced by a field blade in a region closer to the outer 
periphery, in accordance with the shape of a spherical 45 
aberration. With such a configuration as described, a 
larger spherical aberration can be corrected while re- 
ducing the number of divided electrodes. 
[0040] The foregoing embodiments, and numerical 
values and so on shown in the embodiments are merely so 
illustrative, and they may be modified as appropriate or 
applied in combination. 

[0041] As is apparent from the foregoing, the present 
invention can realize a compact and high performance 
aberration correction unit having the ability of correcting 55 
large aberration. 



Fourth Embodiment 

[0042] Fig. 1 5 is a block diagram illustrating the con- 
figuration of an aberration correction apparatus 110 ac- 
cording to a fourth embodiment of the present invention. 
An optical pickup PU comprises a light source 101 for 
emitting laser light H1; a collimating lens 102; a beam 
splitter 103; an aberration correction device 104; an ob- 
jective lens 105; a focusing lens 106; and an optical de- 
tector 107. The optical components 101 - 107 are locat- 
ed along an optical axis OA. 

[0043] The laser light source 1 01 in the optical pickup 
emits laser light, for example, at wavelength X equal to 
405 nanometer (nm). The light beam HI emitted from 
the laser light source 101 is reflected off an optical disc 
109, and reflected light is detected by the optical detec- 
tor 107. The detected RF signal is sent to a signal 
processing circuit 1 31 . The signal processing circuit 131 
generates a signal required for controlling the aberration 
correction device 104 from the received RF signal, and 
sends the signal to a controller 135. For example, the 
signal processing circuit 131 detects the envelope of the 
RF signal which is sent to the controller 1 35 as an RF 
amplitude signal. The controller 135 determines the 
amount of aberration of a light beam in a plane of the 
aberration correction device, i.e., an aberration distribu- 
tion (profile) based on the RF amplitude signal received 
from the signal processing circuit 131 and/or in accord- 
ance with a predetermined processing procedure. Fur- 
ther, the controller 1 35 determines a driving amount for 
each phase adjustment portions of the aberration cor- 
rection device, later described, based on the aberration 
distribution. The controller 1 35 supplies a control signal 
indicating the driving amount to a liquid crystal driver 
1 37 for driving the aberration correction device 1 04. The 
liquid crystal driver 1 37 generates a driving voltage to 
be applied to the aberration correction device 104 in re- 
sponse to the control signal, and supplies the driving 
voltage to the aberration correction device 1 04. Also, the 
controller 135 is connected to a storage device (memo- 
ry) 1 39 for storing data, commands and so on for use in 
a variety of controls. 

[0044] The aberration correction device 104 has an 
opto-electric element which produces an opto-electric 
effect by an electric field. More specifically, the aberra- 
tion correction device 104 has a liquid crystal optical de- 
vice which produces a change in birefringence in ac- 
cordance with the magnitude of a driving voltage Vi ap- 
plied thereto. More specifically, as schematically illus- 
trated in a perspective view of Fig. 16, the aberration 
correction device 104 has a structure in which a liquid 
crystal 119 Is sandwiched and encapsulated between a 
first electrode layer 117 and a second electrode layer 
118. On the liquid crystal 119, liquid crystal orienting 
films 121, 122 are formed, while transparent insulating 
layers 123, 124 are formed between the liquid crystal 
orienting films 121, 122 and the first and second elec- 
trode layers 117. 118, respectively. Also, on the first and 
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second electrode layers 117, 118, insulating substrates 
115, 116 such as transparent glass substrates are 
formed, respectively. 

[0045] As will be described later In detail, at least one 
of the first and second electrode layers 117. 118 has a 
plurality of phase adjustment portions. Aberration of a 
light beam can be corrected by applying an electrode 
formed in each phase adjustment portion with a voltage 
according to the shape of a distribution of the abenration 
of the light beam which transmits the aberration correc- 
tion device 104. The following description will be made 
on an example in which the first electrode layer 117 has 
a plurality of phase adjustment portions. Also, Fig. 16 
illustrates an example in which a plurality of concentric 
phase adjustment portions 125 are fonned. Specifically, 
as a control voltage Vi (i=1 , 2, ...) is applied to an elec- 
trode in each phase adjustment portion of the first elec- 
trode layer 117, the orientation of liquid crystal mole- 
cules in the liquid crystal 119 changes in accordance 
with an electric field produced by the control voltage Vi. 
As a result, light passing through the liquid crystal 119 
undergoes birefringence of the liquid crystal 119, so that 
its phase changes . In other words , the polarization 
state (phase) can be controlled by the control voltage Vi 
applied to the liquid crystal 119. 
[0046] The structure of the first electrode layer in the 
aberration correction device 1 04 for correcting spherical 
aberration is schematically illustrated in a plan view of 
Fig. 17. The first electrode layer 117 comprises a plural- 
ity of concentric (circular) phase adjustment portions Rk 
{k=1. 2, ...) defined by gaps Wk (k=1, 2, ...) in corre- 
spondence to a distribution of spherical aberration pro- 
duced by the optical disc 109. Fig. 18 is a partially en- 
larged view schematically illustrating a portion (a portion 
A) of the first electrode layer 117. 
[0047] As illustrated in Fig. 18, the phase adjustment 
portions Rk have a pair of circular metal electrodes Eka 
and Ekb (k=1 , 2, ...) arranged along edges on the center 
side and outer side of the aberration correction device 
104. The widths of the metal electrodes Eka and Ekb 
are sufficiently small as compared with the widths of the 
phase adjustment portions Rk. Also, a transparent elec- 
trode Tk formed of ITO (indium tin oxide) electrically 
connected to the metal electrodes Eka and Ekb is ar- 
ranged between the metal electrodes Eka and Ekb. 
Here, the metal electrode on the center side of the ab- 
erration correction device 104 is identified by an ap- 
pended letter "a," while the metal electrode on the outer 
side is identified by an appended letter "b." The gap Wk 
is sufficientiy small as compared with the phase adjust- 
ment portions Rk. so that the spacing between an elec- 
trode E(k-1)b along the outer edge of a phase adjust- 
ment portion R(k-1 ) adjacent to the phase adjustment 
portion Rk and an electrode Ekb along the inner edge 
of the phase adjustment portion Rk is sufficiently small 
as compared with the width of the phase adjustment por- 
tion Rk. For example, they are arranged with a spacing 
of approximately several micrometers (^m). Also, the 



metal electrodes Eka and Ekb can be applied with volt- 
ages independentiy of each other. 
[0048] The second electrode layer 118 is an entire 
surface electrode formed over the entire surface. In oth- 

5 er words, the second electrode layer 118 need not be 
divided as long as the first electrode layer 11 7 Is formed 
as a plurality of separate electrodes. Alternatively, the 
second electrode layer 118 may be formed in any shape 
necessary in accordance with the characteristic of ab- 

10 erration to be corrected, or formed as separated into any 
required plurality of separate electrodes. 
[0049] In the following, the aberration correction op- 
eration performed by the aberration correction device 
104 will be described in detail. The correction operation 

15 is performed under control of the controller 1 35. as de- 
scribed above. 

[0050] With referring to the drawings, a method of di- 
viding the first electi-ode layer 117 into a plurality of 
phase adjustment portions will be described for the case 

20 where a maximum correctable phase difference is equal 
to 4X {X is the wavelength of a light beam). Fig. 1 9 shows 
a phase difference (X) from the center of the aberration 
correction device 104 with respect to a radial position. 
[0051] The position of a maximum phase difference 

25 (position 6 in Fig. 1 9) is determined when the maximum 
phase difference is equal to X (a curve (a) in Fig. 19) 
within tine effective diameter of the aberration correction 
device 104. Then, the position at which the phase dif- 
ference is equal to X (position 3) is determined when the 

30 maximum phase difference is equal to 2X (a curve (b)). 
Similariy, the position at which the phase difference is 
equal to an integer multiple of X is determined. Specifi- 
cally, the positions at which the phase difference is equal 
to X and 2X (positions 2 and 4) are determined when the 

35 maximum phase difference is equal to 3A. (a curve (c)), 
and the positions at which the phase difference is equal 
to X, 2X and 3X (positions 1 , 3 and 5) are determined 
when the maximum phase difference is equal to 4X (a 
curve (d)). Based on the positions 1-6 thus determined 

40 and the center (position 0) of the aberration correction 
device 104, a portion between positions 0 - 1 is defined 
as a phase adjustment portion R1, a portion between 
positions 1 - 2 is defined as a phase adjustment portion 
R2. and similarly, position adjustment portions R3 , 

45 R6 are sequentially defined. Also, as described above, 
each phase adjustment portion is formed with the metal 
electrodes Eka, Ekb along edges on both sides of the 
phase adjustment portion, and a annular-shaped trans- 
parent electrode Tk between the electrodes. 

50 [0052] Refening next to Fig. 20, a method of driving 
ttie aberration correction device 104 having the phase 
adjustment portions R1 - R6 will be described. In the 
following description, a region comprised of consecutive 
phase adjustment portions Ri - Rj (j>i) is denoted as a 

55 phase adjustment region [Ri, Rj]. When the maximum 
phase difference (PDmax) of a wavefront required for a 
correction is equal to A., ttie electrodes Eka, Ekb (k=1-6) 
of each phase adjustment portion are applied with volt- 
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ages such that a phase-adjustment amount in a phase 
adjustment region [R1. R6] comprised of the entirety of 

the consecutive phase adjustment portions R1 R6 

is equal to X. More specifically, a driving voltage is ap- 
plied such that the phase difference between the posi- 
tion of the electrode E6b on the outer edge of the phase 
adjustment portion RS (i.e., position 6) and the center O 
is equal to X, The remaining electrodes Eka, Ekb are 
applied with driving voltages to produce a phase differ- 
ence distribution in which the phase difference in the ra- 
dial direction is approximately proportional to a square 
of the radius. Since the transparent electrode Tk formed 
between the metal electrodes Eka, Ekb has a conduc- 
tivity lower than that of the metal electrodes, an electric 
field applied to the liquid crystal 11 9 has a smooth cross- 
sectional distribution shape due to a voltage drop 
caused by the transparent electrode Tk. 
[0053] When the maximum phase difference (PD- 
max) of the wavefront required for a correction is 2A., two 
phase adjustment regions, each of which include one or 
more consecutive phase adjustment portions, for exam- 
ple, [R1, R3] and [R4, R6] are selected. Then, the elec- 
trodes Eka, Ekb of each phase adjustment portion within 
both the phase adjustment regions are applied with volt- 
ages such that the phase difference varies from zero to 
X In the phase adjustment region [R1 . R3] comprised of 
the phase adjustment portions R1 - R3, and the phase 
difference varies from zero to X In the phase adjustment 
region [R4, R6] comprised of the phase adjustment por- 
tions R4 - R6. More specifically, each of the electrodes 
in the phase adjustment portions R1 - R3 are applied 
with driving voltages such that the phase difference is 
equal to X at the position of the electrode E3b on the 
outer edge of the phase adjustment portion R3 (i.e.. po- 
sition 3). Also, each of the electrodes in the phase ad- 
justment portions R4 - R6 are applied with driving volt- 
ages such that the phase difference is equal to zero at 
the position of the electrode E4a on the inner side of the 
phase adjustment portion R4 (i.e., position 3). and the 
phase difference is equal to X at the position of the elec- 
trode E6b on the outer edge of the phase adjustment 
portion R6 (i.e., position 6). 

[0054] Similariy, when the maximum phase difference 
(PDmax) of the wavefront required for a correction is 
equal to 3X, each of the electrodes is applied with a driv- 
ing voltage such that the phase difference varies from 
zero to X in each of the phase adjustment regions [R1 , 
R2], [R3, R4]. [R5. R6]. i.e., such that the phase-adjust- 
ment amount is equal to X in each of the three phase 
adjustment regions. When the maximum phase differ- 
ence (PDmax) of the wavefront required for a correction 
is equal to 4X, each of the electrodes is applied with a 
driving voltage such that the phase difference varies 
from zero to X in each of the phase adjustment regions 
[Rl], [R2, R3], [R4, R5]. [R6], i.e.. such that the phase- 
adjustment amount is equal to X in each of the four 
phase adjustment regions. 

[0055] It is therefore possible to make stepwise cor- 



rection or region-by-region correction of the spherical 
aberration by conducting the foregoing driving control. 
Specifically, the spherical aberration can be corrected 
in such a manner that phase adjustment regions includ- 
s ing one or more consecutive phase adjustment portions 
are detemnlned In accordance with the amount of pro- 
duced spherical aberration so that the phase difference 
varies from zero to X in each of the phase adjustment 
regions. 

10 [0056] While the foregoing embodiment has been de- 
scribed for an example in which the control is conducted 
such that the phase-adjustment amount In each of the 
phase adjustment regions is equal to a phase difference 
corresponding to the wavelength (X) of the light beam, 

15 the present invention is not limited to the above-de- 
scribed control. Alternatively, the control may be con- 
ducted such that the phase difference varies by mX (m 
is an integer) from zero. 

[0057] It is therefore possible to make stepwise cor- 
20 rection or region-by-region correction even for large 
spherical aberration with a small number of electrodes 
by conducting the aforementioned control in accord- 
ance with the amount of produced spherical aberration. 
[0058] Also, while the foregoing embodiment has 
25 been described for an example in which the electrodes 
are applied with driving voltages such that the phase dif- 
ference is proportional to a square of the radius, the 
present invention can support a variety of shapes of ab- 
erration profiles by selecting applied voltages as appro- 
30 priate in accordance with an aberration profile produced 
in an optical path. 

Fifth Embodiment 

35 [0059] Figs. 21 A. 21 B are plan views schematically 
illustrating the structure of a first and a second electrode 
layer 117, 118 of an aberration correction device 104 
according to a fifth embodiment of the present invention. 
As illustrated in Fig. 21 A, the first electrode layer 117 

40 has a plurality of phase adjustment portions in the shape 
of straight stripe parallel with one axis (assume the y- 
axis) within a plane perpendicular to the optical axis. Al- 
so, the plurality of phase adjustment portions are formed 
symmetrically about the y-axis. A circle indicated by a 

45 broken line represents an effective optical path diame- 
ter. 

[0060] Fig. 22 is a partially enlarged view schemati- 
cally illustrating a portion (portion B) of the first electrode 
layer 117. As is the case with the aforementioned fourth 

50 embodiment, a phase adjustment portion Rk has a pair 
of straight metal electrodes Eka and Ekb (k=1, 2. ...) ar- 
ranged along edges on the center side (inner side) and 
outer side of the aberration correction device 104. The 
widths of the metal electrodes Eka and Ekb are suffi- 

55 ciently small as compared with the width of the phase 
adjustment portion Rk. Also, a transparent electrode Tk 
formed of an ITO film, electrically connected to the metal 
electrodes Eka and Ekb, is arranged between the metal 
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electrodes Eka and Ekb. A gap Wk is sufficiently smaller 
than the width of the phase adjustment portion Rk, so 
that the spacing between an electrode E(k-1 )b along the 
outer edge of the phase adjustment portion F^.^i adja- 
cent to the phase adjustment portion Rk and an elec- 
trode Ekb along the inner edge of the phase adjustment 
portion Rk is sufficiently small as compared with the 
width of the phase adjustment portion Rk. The metal 
electrodes Eka and Ekb can be applied with voltages 
independently of each other. 

[0061] The second electrode layer 118 has a plurality 
of phase adjustment portions In the shape of straight 
stripes parallel with the direction perpendicular to the 
phase adjustment portions of the first electrode layer 
117 (x-axis direction). Also, the plurality of phase adjust- 
ment portions are formed symmetrically about the y-ax- 
is. Each of the phase adjustment portions is formed with 
metal electrodes Eka and Ekb (k=1 , 2, ...) and transpar- 
ent electrodes Tk, similariy to the first electrode layer 
117. 

[0062] In the aberration correction device 1 04 config- 
ured as described above, for correcting spherical aber- 
ration produced in the optical path by applying the metal 
electrodes Eka and Ekb of the first electrode layer 117 
and the second electrode layer 118 with voltages, a cir- 
cular phase change (i.e., proportional to the radius r to 
the n-th power) may be produced in light passing 
through the liquid crystal 119. 

[0063] In the following, the operation of the aberration 
correction device 104 of the emtx)diment will be de- 
scribed in brief. A phase change <[> produced in light 
passing through the liquid crystal 1 1 9 is equivalently giv- 
en as the sum of phase change components <{)1 and ^2 
due to the voltages applied to the respective electrode 
layers (i.e., ^=^^ +4)2). In this event, since each phase 
adjustment portion is in the shape of straight stripe par- 
allel with the X-axis or the y-axis, the phase change com- 
ponents (|j1 and <{)2 are functions of y and x, respectively. 
Therefore, as expressed by the following equation, the 
phase change components at a position (x, y) can be 
quadratic functions of y and x, respectively: 

<|)1=W2y^ (1) 

(|)2 = W2x2 (2) 

where is a predetermined secondary aberration co- 
efficient, and the origin of the xy-plane is defined at the 
intersection of the optical axis of the optical path with a 
plane perpendicular to the optical axis. 
[0064] Therefore, the phase change ^ produced in 
light passing through the liquid crystal 19 is given as a 
quadratic function of the radius r in the following equa- 
tion: 



(j) = W2x^ + W2y^ = W2r^ (3) 

[0065] tt is therefore possible to produce wavefront 
5 aberration which is proportional to a square of the radius 
using the aberration correction device 104 configured 
as described above. Thus, spherical aberration can be 

corrected by changing an incident angle of light flux im- 
pinging on an objective lens using this device. In addi- 
^0 tion, higher-order spherical aberration can be corrected 
by changing the shape of each phase adjustment por- 
tion. 

[0066] Then, a method of driving Uie aberration cor- 
rection device 4 with the first and second electrode lay- 

^5 ers having phase adjustment portions Rk (k=1 , 2, n) 
will be described with reference to the drawings. Figs. 
23, 24A, 24B show a phase difference produced by volt- 
ages applied to the phase adjustment portions with re- 
spect to a normalized radius. As shown in Fig. 23, when 

20 a maximum phase difference (PDmax) of a wavefront 
required for a correction is equal to X, the electrodes 
Eka, Ekb (k=1-8) of each phase adjustment portion are 
applied with voltages such that the phase-adjustment 
amount by the phase adjustment region [R1, Rn] com- 

25 prised of the phase adjustment portions R1 - Rn is equal 
to X. More specifically, driving voltages are applied such 
that a phase difference is equal to X at the position of 
an electrode Enb along the outer edge of the phase ad- 
justment portion Rn. The remaining electrodes Eka, Ekb 

30 are applied with driving voltages to produce a phase dif- 
ference distribution in which the phase difference in the 
radial direction is approximately proportional to a square 
of the radius. 

[0067] As shown in Fig. 24A. when the maximum 

35 phase difference (PDmax) of the wavefront required for 
a correction is equal to 2X, the metal electrodes of each 
phase adjustment portion are applied wtUi driving volt- 
ages such that the amounts of phase adjustment in two 
phase adjustment regions [R1 , Rj], [RQ+I ), Rn] are both 

^ equal to X. Similariy, as shown in Fig. 24B, when the 
maximum phase difference (PDmax) of the wavefront 
required for a correction is equal to 10X, the driving volt- 
ages are applied such that the phase-adjustment 
amount in each of phase adjustment regions including 

45 one or more consecutive phase adjustment portions is 
equal to X or an integer multiple of X, and the total 
amount of these phase adjustments is equal to the max- 
imum phase difference (in this event, 1 0X). It is therefore 
possible to make stepwise correction or region-by-re- 

50 gion correction of the spherical aberration such that the 
phase difference changes by mX (m is an integer) from 
zero in each of the phase adjustment regions including 
one or more consecutive phase adjustment portions in 
accordance with the amount of produced spherical ab- 

55 erration by executing the foregoing driving control. 
[0068] Fig. 25 shows the effect of the aberration cor- 
rection. Specifically. Fig. 25 shows a phase difference 
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with respect to a change in the thickness of a transpar- 
ent cover layer transmitted by a light beam irradiated to 
a recording layer of an optical disc when an objective 
lens with NA=0.85 is used. It can be seen that the ab- 
erration is effectively corrected even for a change in the 
thickness of the cover layer by making a stepwise cor- 
rection according to the present invention. It can also be 
seen that the stepwise correction hardly differs in cor- 
rection performance from a continuous correction. 
[0069] With the aberration correction device 104 of 
the embodiment having the electrodes arranged in 
straight stripes, lead lines to the electrodes can be ar- 
ranged out of the effective optical path diameter, so that 
they do not impede the aberration correction. Also, it is 
advantageous in that a fine correction can be made 
since a large number of phase adjustment portions can 
be provided. 

[0070] While the foregoing embodiments have been 
described for an aberration correction apparatus which 
is applied to an optical pickup for an optical disc or the 
like, the present invention is not limited to the application 
to the optical pickup, but may be applied to apparatus 
for correcting aberration in a variety of optical systems. 
Also, numerical values and so on shown in the foregoing 
embodiments are merely illustrative. The foregoing em- 
bodiments can be modified as appropriate or applied in 
combination. 

[0071] As will be apparent from the foregoing, the 
present invention can realize a compact and high per- 
formance aberration correction device and aberration 
correction apparatus which are capable of correcting 
aberration having a variety of shapes and capable of 
correcting large aberration as well. 
[0072] Further embodiments of the present invention 
will be described in detail with reference to the drawings. 
In the drawings used in the following description, sub- 
stantially equivalent components are designated the 
same reference numerals. 

Sixth Embodiment 

[0073] Fig. 26 is a block diagram illustrating the con- 
figuration of an aberration correction apparatus 210 ac- 
cording to a sixth embodiment of the present invention. 
An optical pickup PU comprises a light source 201 for 
emitting laser light HI; a coltimating lens 202; a beam 
splitter 203; an aberration correction device 204; an ob- 
jective lens 205; a focusing lens 206, and an optical de- 
tector 207. These optical components 201 - 207 are po- 
sitioned along an optical axis OA. 
[0074] The laser light source 201 in the optical pickup 
emits laser light, for example, at wavelength X equal to 
405 nanometer (nm). The light beam HI emitted from 
the laser light source 201 Is reflected off an optical disc 
209, and reflected light is detected by the optical detec- 
tor 207. The detected RF signal is sent to a signal 
processing circuit 231 . The signal processing drcuit 231 
generates a signal required for controlling the aberration 



correction device 204 from the received RF signal, and 
sends the signal to a controller 235. For example, the 
signal processing circuit 231 detects the envelope of the 
RF signal which is sent to the controller 235 as an RF 

5 amplitude signal. The controller 235 determines the 
amount of aberration of a light beam in a plane of the 
aberration correction device, i.e.. an aberration distribu- 
tion (profile) based on the RF amplitude signal received 
from the signal processing circuit 231 and/or in accord- 

10 ance with a predetermined processing procedure. Fur- 
ther, the controller 235 determines a driving amount for 
each of phase adjustment portions of the aberration cor- 
rection device, later described, based on the aberration 
distribution. The controller 235 supplies a control signal 

15 indicating the driving amount to a liquid crystal driver 
circuit 237 for driving the aberration correction device 
204. The driver circuit 237 generates a driving voltage 
to be applied to the aberration correction device 204 in 
response to the control signal, and supplies the driving 

20 voltage to the aberration correction device 204. Also, the 
controller 235 is connected to a storage device (memo- 
ry) 239 for storing data, commands and so on for use in 
a variety of controls. 

[0075] The aberration correction device 204 has an 

25 opto-electric element which produces an opto-electric 
effect by an electric field. More specifically, the aberra- 
tion correction device 204 has a liquid crystal optical de- 
vice which produces a change in birefringence in ac- 
cordance with the magnitude of a driving voltage Vi ap- 

30 plied thereto. More specifically, as schematically illus- 
trated in a perspective view of Fig. 27, the aberration 
correction device 204 has a structure in which a liquid 
crystal 219 is sandwiched and encapsulated between a 
first electrode layer 217 and a second electrode layer 

35 218. On the liquid crystal 219, liquid crystal orienting 
films 221, 222 are formed, while transparent insulating 
layers 223, 224 are formed between the liquid crystal 
orienting films 221, 222 and the first and second elec- 
trode layers 217,218, respectively. Also, on the first and 

40 second electrode layers 217,218, insulating substrates 
215, 216 such as transparent glass substrates are 
formed, respectively. 

[0076] As wilt be described later in detail, at least one 
of the first and second electrode layers 217, 218 has a 

45 plurality of phase adjustment portions. Aberration of a 
light beam can be corrected by applying an electrode 
formed in each phase adjustment portion with a voltage 
according to the shape of a distribution of the aberration 
of the light beam which transmits the aberration correc- 

50 tion device 204. The following description will be made 
on an example in which the first electrode layer 217 has 
a plurality of phase adjustment portions. Also, Fig. 27 
illustrates an example in which a plurality of concentric 
phase adjustment portions 225 are formed. Specifically, 

55 as a control voltage Vi (i=1 , 2, ...) is applied to an elec- 
trode in each phase adjustment portion of the first elec- 
trode layer 217, the orientation of liquid crystal mole- 
cules in the liquid crystal 219 changes in accordance 
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with an electric field produced by the control voltage Vi. 
As a result, light passing through the liquid crystal 219 
undergoes birefringence of the liquid crystal 21 9, so that 
its phase changes . In other words , the polarization 
state (phase) can be controlled by the control voltage Vi 5 
applied to the liquid crystal 219. 
[0077] The structure of the first electrode layer in the 
aberration correction device 204 for correcting spherical 
aberration is schematically illustrated in a plan view of 
Fig. 28. The first electrode layer 217 comprises a plu- io 
rality of concentric (circular) phase adjustment portions 
Rk (k=1 . 2. ...) defined by gaps Wk (k=1 . 2, ...) in corre- 
spondence to a distribution of spherical aberration pro- 
duced by the optical disc 209. Fig. 29 is a partially en- 
larged view schematically illustrating a portion (a portion is 
A) of the first electrode layer 217. 
[0078] As illustrated in Fig. 29, each phase adjust- 
ment portion Ri is isolated by the gap Wi (i=1 , 2, ...). The 
phase adjustment portion Ri has a pair of circular metal 
electrodes Fb(i-1 ) and Fa(i) arranged along edges on 20 
the center side (inner side) and the outer side of the ab- 
erration correction device 204. In other words, the metal 
electrodes Fa(i) and Fb(i) are formed on both sides of 
the gap Wi, respectively. Here, the metal electrode on 
the center side of the aberration correction device 204 25 
is identified by an appended letter "a." while the metal 
electrode on the outer side by an appended letter "b." 
[0079] The metal electrodes Fa(i) and Fb(i) (i=1 . 2. ...) 
have small widths as compared with the width of the 
phase adjustment portion Ri. Also, a transparent elec- 30 
trode Ti (i=1 , 2, ...) formed of ITO (indium tin oxide) elec- 
trically connected to the metal electrodes Fa(i) and Fb 
(i) is arranged between the metal electrodes Fa(i) and 
Fb(i). The width of the gap Wi is sufficiently small as 
compared with the phase adjustment portions Ri. so that 35 
the spacing between the electrodes Fa(i) and Fb(i) is 
sufficiently small as compared with the width of the 
phase adjustment portion Ri. For example, they are ar- 
ranged with a spacing of approximately several microm- 
eters (|xm). Also, the metal electrodes Fa(i) and Fb(i) ^0 
can be applied with voltages independently of each oth- 
er. 

[0080] The second electrode layer 218 is an entire 
surface electrode, i.e., a single electrode formed over 

the entire surface. In other words, the second electrode 45 
layer 218 need not be divided as long as the first elec- 
trode layer 21 7 is formed as a plurality of separate elec- 
trodes. Altematively, the second electrode layer 218 
may be formed in any shape necessary in accordance 
with the characteristic of aberration to be corrected, or so 
formed as separated into a plurality of separate elec- 
trodes. 

[0081] A procedure of the aberration correction oper- 
ation performed by the aberration correction device 204 
will be described in detail with reference to Fig. 30. The 55 
following description will be made on an example in 
which the aberration correction device 204 is comprised 
of six phase adjustment portions Ri (i.e.. RI - R6) when 



spherical aberration produced by an optical disc 209 is 
corrected. The aberration correction operation is per- 
formed under control of the controller 235. 
[0082] The controller 235 applies the driver circuit 237 
with a predetermined control signal at the start of the 
aberration correction operation. The driver circuit 237 
supplies the aberration correction device 204 with driv- 
ing voltages which should be applied to the respective 
phase adjustment portions of the aberration correction 
device 204 in response to the control signal (step S11). 
[0083] Subsequently, the controller 235 fetches an RF 
reproduced signal from the signal processing circuit 
231 , and evaluates the reproduced signal using evalu- 
ation values, for example, a jitter amount, a signal am- 
plitude, and so on (step SI 2). The controller 235 deter- 
mines whether or not aberration is property corrected by 
a phase adjustment (step S13). The determination can 
be made, for example, by checking whether the above 
evaluation values satisfy predetermined criteria, or 
whether or not they have been improved from the past 
evaluation values. Upon determining that the aberration 
is property corrected, the controller 235 conducts the 
control to maintain the current control state, i.e.. the driv- 
ing voltages to the aberration correction device 204 
(step SI 4). 

[0084] The controller 235 conducts the control to 
change the driving voltages when it is determined at 
step SI 3 that the aberration correction is not proper 
(step SI 5). In the following, the control for changing the 
driving voltages will be described in detail with reference 
to the drawings. Figs. 31 through 33 show a phase dif- 
ference given to a light beam in a radial direction of the 
aberration correction device 204. As shown in (a) of Fig. 
31 , a phase adjustment is made by applying voltages to 
the respective phase adjustment portions Ri (i=1-6). 
Specifically, a phase difference is given to the light beam 
for each phase adjustment portion Ri with respect to the 
phase at a predetermined reference position, i.e., the 
center position of the aberration correction device 204 
to perform the phase adjustment. Therefore, the phase 
difference has a positive or a negative value with respect 
to the phase of the light beam at the predetermined ref- 
erence position depending on aberration produced in 
the light beam. As described later, the phase adjustment 
is made for each phase adjustment portion Ri based on 
an absolute value of a phase difference (hereinafter, 
simply referred to the "phase-adjustment amount") giv- 
en to each phase adjustment portion Ri for the phase 
adjustment. 

[0085] The controller 235 increases the driving volt- 
ages to the respective phase adjustment portions Ri 
(i=1 -6) to increase the phase-adjustment amounts when 
the aberration correction is not sufficient in tiie state 
shown in (a) of Fig. 31 . In this event, the controller 235 
increases the driving voltages based on a predeter- 
mined control rule, for example, an applied voltage al- 
location ratio or the like, stored in the memory 239. 
[0086] Then, the controller 235 determines whether 
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or not the phase-adjustment amount in any phase ad- 
justment portion Ri exceeds a predetermined limit ad- 
justment amount Xm. The limit adjustment amount Xm 
is determined based on the thickness of the liquid crystal 
21 9 of the aberration correction device 204 and a range 5 
of aberration amount to be corrected. In the following, 
description will proceed with Xm=X+a(a>0). The deter- 
mination is made based on whether or not a voltage ap- 
plied to a phase adjustment portion exceeds a limit volt- 
age Vm corresponding to the limit adjustment amount 
Xm. More specifically, the controller 235 detennines 
whether or not a voltage Va(i) (=Vb(i)) applied to the 
electrode Fa{i) of each phase adjustment portion Ri ex- 
ceeds the limit voltage Vm (step S16). 
[0087] For example, as shown in (b) of Fig. 31 , if one 
of applied voltages Va(i) (i.e., Va(6) in (b) of Fig. 31) is 
determined to exceed the voltage Vm. the controller 235 
calculates a voltage resulting from a subtraction of a 
voltage VX corresponding to a phase amount of one 
wavelength from the voltage Va(i) at the electrode on 
the radially outer side of the phase adjustment portion 
Ri (R6 in the case shown in Fig. 31). Specifically, the 
controller 235 calculates a voltage to be applied to the 
electrode Va(iy=Va(i)-VX. Similarly, the controller 235 
calculates a voltage resulting from a subtraction of the 
voltage VX corresponding to the phase amount of one 
wavelength from the voltage Vb(i-1 ) at the electrode on 
the radially inner side of the phase adjustment portion 
R6. Specifically, the controller 235 calculates Va(i) -Va 
(i)-VX. Vb(i-1)'=Vb(i-1)-VX (step SI 7). The controller 
235 supplies the driver circuit 237 with a control signal 
indicating the calculated voltage to apply the respective 
electrodes of the aberration conrection device 204 with 
driving voltages In accordance with the control signal 
(step S18). Therefore, the phase amount corresponding 
to one wavelength is subtracted from the phase-adjust- 
ment amount of the phase adjustment portion Ri (R6 in 
Fig. 31). Then, the controller 235 determines whether 
or not the aberration correction control is terminated 
(step SI 9). When the control is terminated, the control 
exits this process routine to return to a main routine. 
[0088] When the controller 235 determines at step 
SI 9 that the aberration correction control is not termi- 
nated, the controller 235 proceeds to step S12 to repeat 
the procedure at step SI 2 onward. 
[0089] Figs. 32 and Figs. 33 show that the foregoing 
procedure is repeated to correct a further larger aberra- 
tion. A graph (b) of Fig. 32 shows that the phase-adjust- 
ment amount is further increased from the case of (a) of 
Fig. 32. As the phase-adjustment amount of the phase 
adjustment portion R(i-1) (=R5) reaches a predeter- 
mined limit adjustment amount Xm, the phase amount 
corresponding to one wavelength is subtracted from the 
phase-adjustment amount of the phase adjustment por- 
tion R5 ((c) of Fig. 32). 

[0090] When the phase-adjustment amount is further 
increased, as the phase adjustment portion R6, from 
which the phase amount corresponding to one wave- 



length has already been subtracted from the phase-ad- 
justment amount thereof, and again reaches the prede- 
termined limit adjustment amount Xm as shown in (b) of 
Fig. 33, the phase amount corresponding to one wave- 
length is again subtracted from the phase-adjustment 
amount of the phase adjustment portion R6. 
[0091] As described above, a compact and high per- 
formance aberration correction apparatus capable of 
correcting aberration having a variety of shapes as well 
as capable of correcting large aberration can be realized 
by driving the respective phase adjustment portions in 
accordance with the shape of aberration distribution and 
repeating the aforementioned procedure to change volt- 
ages applied to the respective phase adjustment por- 
tions. 

Seventh Embodiment 

[0092] Fig. 34 is a diagram schematically illustrating 
the structure of a first electrode layer 217 of an aberra- 
tion correction device 204 according to a seventh em- 
bodiment of the present invention. The first electrode 
layer 217 is comprised of a plurality of concentric (cir- 
cular) phase adjustment portions Ri (i=1, 2, ...) defined 
by gasp Wt (1=1, 2. ...) in correspondence to a distribu- 
tion of spherical aberration produced by an optical disc 
209. Fig. 35 is a partially enlarged view schematically 
illustrating a portion (a portion B) of the first electrode 
layer 217. 

[0093] As illustrated in Fig. 35, the respective phase 
adjustment portions Ri are isolated by the gaps Wi (i=1 , 
2, ...). More specifically, each phase adjustment portion 
Ri is comprised of an electrically isolated circular trans- 
parent electrode Gi (1=1 , 2. ...) formed of an ITO (indium 
tin oxide) film. The phase-adjustment amounts of the re- 
spective phase adjustment portions Ri can be varied by 
independently applying the transparent electrodes Gi 
with voltages. 

[0094] A second electrode layer 21 8 is an entire sur- 
face electrode, i.e., a single transparent electrode 
formed over the entire surface. The second electrode 
layer 218 need not be divided as long as the first elec- 
trode layer 21 7 is formed as a plurality of separate elec- 
trodes, and may be formed in any shape necessary. For 
example, the second electrode layer 21 8 may be com- 
prised of a plurality of circular transparent electrodes, 
similar to the first electrode layer 217. 
[0095] In the following, the aberration correction op- 
eration performed by the aberration correction device 
204 will be described in detail with reference to a flow 
chart illustrated in Fig. 36. The aberration correction op- 
eration is performed under control of the controller 235. 
Like the above-described embodiment, the following de- 
scription will be made on an example in which the aber- 
ration correction device 204 is comprised of six phase 
adjustment portions Ri (i.e.. R1 - R6) when spherical ab- 
erration is corrected. 

[0096] The controller 235 applies the driver circuit 237 
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with a predetermined control signal at the start of the 
aberration correction operation. The driver circuit 237 
supplies the aberration correction device 204 with driv- 
ing voltages which should be applied to the respective 
phase adjustment portions of the aberration correction 
device 204 in response to the control signal (step S31 ). 
[0097] Subsequently, the controller 235 receives an 
RF reproduced signal from the signal processing circuit 
231, and evaluates the reproduced signal using evalu- 
ation values, for example, a jitter amount, a signal am- 
plitude, and so on (step S32). As a result of the evalua- 
tion, the controller 235 determines based on predeter- 
mined criteria whether or not aberration is property cor- 
rected by a phase adjustment (step S33). Upon deter- 
mining that the aberration is property corrected, the con- 
troller 235 conducts the control to maintain the current 
control state, i.e., the driving voltages to the aberration 
correction device 204 (step S34). 
[0098] The controller 235 conducts the control to 
change the driving voltages (step S35) when It is deter- 
mined at step S33 that the aberration correction is not 
proper. In the following, the control for changing the driv- 
ing voltages will be described in detail with reference to 
the drawings. Figs. 37 and 38 show a phase difference 
(>0), i.e., a phase adjustment amount given to a light 
beam in a radial direction of the aberration correction 
device 204. 

[0099] For example, as shown in (a) of Fig. 37, a 
phase adjustment is made by applying voltages to the 
respective phase adjustment portions Ri (i=1-6). If an 
aberration correction is not sufficient in this state, the 
controller 235 increases the driving voltages to the re- 
spective phase adjustment portions Ri (i=1-6) to in- 
crease the phase-adjustment amounts. In this event, the 
controller 235 increases the driving voltages based on 
a predetermined control rule, for example, an applied 
voltage allocation ratio or the like, stored in the memory 
239. 

[0100] Then, the controller 235 determines whether 
or not the phase-adjustment amount in any phase ad- 
justment portion Ri reaches or exceeds a predetermined 
limit adjustment amount Xm (step S36). This determina- 
tion is made based on whether or not a voltage applied 
to a phase adjustment portion is exceeding a limit volt- 
age Vm corresponding to the limit adjustment amount 
Xm, For example, as shown In (b) of Fig. 37, if the con- 
troller 235 determines that one of applied voltages V(i) 
to the respective phase adjustment portion Ri (V(5) in 
(b) of Fig. 37) exceeds the voltage Vm and the phase- 
adjustment amount of the phase adjustment portion R5 
exceeds the limit adjustment amount Xm=X+a (a>0), the 
controller 235 calculates a voltage resulting from a sut>- 
traction of a voltage VA. corresponding to a phase 
amount of one wavelength from the voltage V(i) (=V(5)). 
Specifically, the controller 235 calculates a voltage to be 
applied to the electrode V(i)'=V(i)-VX, (step S37). 
[0101] Then, the controller 235 supplies the driver cir- 
cuit 237 with a control signal indicating the calculated 



voltage to apply the respective electrodes of the aber- 
ration correction device 204 with driving voltages in ac- 
cordance with the control signal (step 338). Therefore, 
the phase amount corresponding to one wavelength is 
5 subtracted from the phase-adjustment amount of the 
phase adjustment portion R5 as shown in (c) of Fig. 37. 
Then, the controller 235 determines whether or not the 
aberration correction control is terminated (step S39). 
When the control is terminated, the control exits this rou- 
10 tine to return to the main routine. 

[0102] If the controller 235 detemiines at step S39 
that the aberration correction control is not terminated, 
the controller 235 proceeds to step S32 to repeat the 
procedure at step S32 onward. 
15 [0103] Fig. 38 shows that the foregoing procedure is 
repeated to correct further larger aberration. A graph (a) 
of Fig. 38 shows that the phase-adjustment amount is 
further increased from the case in (a) of Fig. 37. As the 
phase-adjustment amounts of the phase adjustment 
20 portions R4 and R6 are determined to reach a predeter- 
mined limit adjustment amount Xm, the phase amount 
corresponding to one wavelength is subtracted from the 
phase-adjustment amounts of the phase adjustment 
portions R4 and R6 ((b) of Fig. 38) based on the proce- 
ss dure described above. 

[0104] While the foregoing embodiments have been 
described for the case where the phase difference is 
positive, aberration can be corrected as well by a similar 
procedure when the phase difference is negative. More 
30 specifically, as shown in (a) of Fig. 39, the phase amount 
corresponding to one wavelength may be subtracted 
from the phase-adjustment amount of a phase adjust- 
ment portion (R5 in the case shown in the figure) which 
exceeds the limit adjustment amount Xm=|-X-a|. In ad- 
35 ditlon. the phase amount subtracted from the phase-ad- 
justment amount is not limited to that corresponding to 
one wavelength, but may be an integer multiple of one 
wavelength. 

[0105] As described above, it is possible to realize a 

40 compact and high performance aberration correction 
apparatus which can correct aberration having a variety 
of shapes as well as correct large aberration by driving 
the respective phase adjustment portions in accordance 
with the shape of distribution of aberration, and repeat- 

45 ing the aforementioned procedure to change voltages 
applied to the respective phase adjustment portions. 
[0106] While the foregoing description has been 
made on the aberration correction apparatus applied to 
an optical pickup for an optical disc or the like, the 

50 present invention is not limited to the application to the 
optical pickup, but may be applied to apparatus for cor- 
recting aberration in a variety of optical systems. Also, 
numerical values and so on shown in the foregoing em- 
bodiments are merely illustrative. The foregoing embod- 

55 iments can be modified as appropriate or applied in 
combination. 

[0107] As will be apparent from the foregoing, the 
present invention can realize a compact and high per- 
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formance aberration correction device and aberration 
correction apparatus which are capable of correcting 
aberration having a variety of shapes and capable of 
correcting large aberration as well. 
[0108] The invention has been described with refer- 5 
ence to the preferred embodiments thereof. It should be 
understood by those skilled in the art that a variety of 
alterations and modifications may be made from the em- 
bodiments described above. It is therefore contemplat- 
ed that the appended claims encompass all such alter- io 
ations and modifications. 

Claims 

15 

1. An aberration correction unit disposed in an optical 
path of an optical system for irradiating a recording 
medium with a light beam for correcting aberration 
produced in said light beam, said aberration correc- 
tion unit comprising: 20 

a first electrode and a second electrode being 
opposed to each other; and 
a liquid crystal disposed between said first elec- 
trode and said second electrode for applying a 25 
voltage to produce a change in phase to light 
passing therethrough. 

wherein said first electrode and said second 
electrode are formed in a shape such that said liquid 30 
crystal produces a holographic diffraction grating 
effect by applying voltages to said first electrode 
and said second electrode. 

2. An aberration correction unit according to claim 1 , 35 
wherein the shape of said first electrode and said 
second electrode is determined so that concentric 
field blades are generated in said liquid crystal by 
application thereto of predetermined voltages. 

40 

3. An aberration correction unit according to claim 2. 
wherein each of the field blades produced in said 
liquid crystal by applying the predetermined voltag- 
es to said first electrode and said second electrode 
produces a change in phase corresponding to an 45 
integer multiple of the wavelength of a light beam 
passing through said liquid crystal. 

4. An aberration correction unit according to claim 1, 
wherein said first electrode and said second elec- so 
trode are shaped such that spherical aberration pro- 
duced in said optical path is corrected by applying 

the predetermined voltages to said first electrode 
and said second electrode. 

55 

5. An aberration correction unit according to claim 1, 
wherein at least one of said first electrode and said 
second electrode has a transparent conductive lay- 



er and a plurality of divided electrodes formed on 
said transparent conductive layer. 

6. An aberration correction unit according to claim 1. 
wherein at least one of said first electrode and said 
second electrode has a plurality of divided elec- 
trodes, said plurality of divided electrodes including 
predetermined divided electrodes which are electri- 
cally connected. 

7. An aberration correction unit according to claim 5, 
wherein said plurality of divided electrodes are met- 
al electrodes. 

8. An optical pickup device having an aberration cor- 
rection unit according to any one of claims 1 to 7, 
comprising: 

a light source for emitting said light beam; 
an optical system for guiding said light beam; 
and 

an optical detector for detecting a light beam 
which has been reflected by said recording me- 
dium and transmitted said aberration correction 
unit. 

9. An aberration correction apparatus having the opti- 
cal pickup device according to claim 8, comprising: 

voltage applying means for applying voltages 
to said first electrode and said second electrode 
of said aberration correction unit so that said 
liquid crystal produces a holographic diffraction 
grating effect. 

10. An aberration correction device for correcting aber- 
ration produced in a light beam of an optical system 
for guiding said light beam, comprising: 

a first electrode layer and a second electrode 
layer being opposed to each other; and 
a liquid crystal disposed between said first elec- 
trode layer and said second electrode layer for 
producing a change in phase in a light beam 
passing therethrough in accordance with volt- 
ages applied to said first electrode layer and 
said second electrode layer, 

wherein said first electrode layer is divided in- 
to a plurality of phase adjustment portions which are 
electrically isolated from each other, each of said 
plurality of phase adjustment portions including a 
pair of electrodes arranged in a form that produces 
an electric field distribution for correcting said aber- 
ration by applying predetermined voltages thereto. 

11. An aberration correction device according to claim 
10, wherein said plurality of phase adjustment por- 
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tions are arranged to produce a phase difference 
corresponding to an integer multiple of the wave- 
length of said light beam in a phase adjustment re- 
gion by applying a predetermined voltage to said 
phase adjustment region, said phase adjustment 5 
region including one or more consecutive phase ad- 
justment portions. 

12. An aberration correction device according to claim 
10, wherein said first electrode layer has a plurality 
of concentrically formed phase adjustment por- 
tions. 

13. An aberration correction device according to claim 

1 0. wherein said first electrode layer has a plurality is 
of phase adjustment portions arranged in a shape 
of stripes, and said second electrode layer has a 
plurality of phase adjustment portions in a shape of 
stripes substantially perpendicular to said phase 
adjustment portions of said first electrode layers. 20 

14. An aberration correction device according to claim 
10, wherein said pair of electrodes are metal elec- 
trodes, and said aberration correction device further 
includes a transparent conductive material dis- 25 
posed between said pair of electrodes, said con- 
ductive material having a smaller conductivity than 
said pair of electrodes and being electrically con- 
nected to said pair of electrodes. 

15. An aberration correction apparatus having an aber- 
ration correction device according to claim 10, com- 
prising: 

a determination section for determining each 35 
aberration amount of said light beam in a region 
corresponding to each of said plurality of phase 
adjustment portions; 

a voltage applying section for applying each of 
said plurality of phase adjustment portions with 40 
voltages corresponding to each of the deter- 
mined aberration amounts; 
a selecting section for selecting a phase adjust- 
ment region including one or more consecutive 
phase adjustment portions based on each of 45 
the determined aberration amounts; and 
a controller for conducting a control for chang- 
ing a phase-adjustment amount in said phase 
adjustment region to a phase amount corre- 
sponding to an integer multiple of the wave- 50 
length of said light beam. 

16. An aberration correction apparatus for correcting 
aberration produced in a light beam of an optical 
system for guiding said light beam, comprising: 55 

an aberration correction device having a plural- 
ity of phase adjustment portions for producing 



a phase change in said light beam by an voltage 
applied thereto; 

a phase adjustment section for applying volt- 
age to each of said plurality of phase adjust- 
ment portions to adjust the phase; 
a determination section for determining wheth- 
er a phase-adjustment amount of each said 
phase adjustment portion exceeds a predeter- 
mined limit adjustment amount; and 
a controller for changing the phase-adjustment 
amount of each said phase adjustment portion 
to a value resulting from a subtraction of a 
phase amount corresponding to an integer mul- 
tiple of the wavelengtii of said light beam from 
the phase-adjustment amount on the basis of 
the result of determination made by said deter- 
mination section. 

17. An aberration correction apparatus according to 
claim 16, wherein the phase-adjustment amount af- 
ter the change does not exceed a phase amount 
corresponding to one wavelength of said light 
beam. 

18. An aberration correction apparatus according to 
claim 16, wherein said plurality of phase adjustment 
portions are concentrically formed. 

19. An aberration conrection apparatus according to 
claim 16, wherein said phase-adjustment amount is 
larger than a phase amount corresponding to one 
wavelength of said light beam. 

20. A method of correcting aberration for an aberration 
correction device having a plurality of phase adjust- 
ment portions for producing a phase change in a 
light passing through said aberration correction de- 
vice to adjust the phase, comprising the steps of: 

applying a voltage to each of said plurality of 
phase adjustment portions to adjust the phase; 
determining whether a phase-adjustment 
amount of said phase adjustment portion ex- 
ceeds a limit adjustment amount; and 
changing the phase-adjustment amount of 
each said phase adjustment portion to a value 
resulting from a subtraction of a phase amount 
corresponding to an integer multiple of the 
wavelength of said light beam from the phase- 
adjustment amount on the basis of the result of 
the determination in the determining step. 
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